Intestinal perforation by a peritoneal catheter is an uncommon, but serious, complication that has a high mortality rate. Intestinal perforation in peritoneal dialysis (PD) patients is difficult to diagnose using symptoms and radiological findings, which may result in a delay in diagnosis. Moreover, intestinal perforation complicated with fungal peritonitis is reportedly a severe condition with a poor prognosis. Herein, we report the case of a 78-year-old man on PD, whose diagnosis of perforative peritonitis was difficult to diagnose preoperatively. He was transferred to our hospital complaining of relapsing PD-related peritonitis due to Klebsiella oxytoca infection 2 months after the insertion of the PD catheter. He had been treated with various antibiotics in the previous hospital. Over the course of treatment, he complained of diarrhea, which was diagnosed as acute enteritis. Upon admission to our hospital, he had no abnormal clinical signs except for a cloudy PD effluent. Blood examination showed a high C-reactive protein level (8.41 mg/dL), a white blood cell count in the PD fluid of 367 cell/µL (neutrophils 55.1%), and the presence of Candida parapsilosis. We initiated antifungal therapy and, during catheter removal, found evidence of intestine perforations by the PD catheter, which were successfully repaired. After catheter removal and intestine repair, he recovered and was discharged to continue undergoing hemodialysis. Based on our case, we recommend that intestine perforations should be considered as a cause of relapsing PD-related peritonitis with abdominal symptoms, particularly watery diarrhea. Furthermore, catheter removal and antifungal administration should be initiated earlier after the diagnosis of fungal peritonitis.
Introduction
Although the rate of peritoneal dialysis (PD)-related peritonitis has been reduced due to the improvement in the connecting system used during treatment, peritonitis is still a major complication that results in the transfer of PD patients to hemodialysis [1] . Touch contamination during PD fluid exchange is the most common cause of PD-related peritonitis [2] . Additionally, while uncommon, intestinal perforation is a critical complication that is difficult to diagnose in PD patients [3] . It has been reported that the mortality rate of perforative peritonitis is quite high [4] . Therefore, it is important to achieve a diagnosis as quickly as possible to perform emergency surgery. Fungal peritonitis is similarly rare, but leads to a higher rate of mortality in bacterial peritonitis [5] . This condition has been reportedly treated in PD patients by rapid catheter removal [6] . Herein, we report a rare case of intestinal perforations caused by a PD catheter in which achieving a preoperative diagnosis was difficult. We incidentally detected intestinal perforations during emergent PD catheter removal due to fungal peritonitis and successfully repaired them.
Case report
A 78-year-old man with end-stage renal disease due to hypertension was transferred to our hospital complaining of relapsing PD-related peritonitis. Five months prior, he underwent PD catheter placement surgery at another hospital and started PD therapy. Two months after catheter insertion and the initiation of PD, he presented with cloudy peritoneal effluent and required hospitalization at the previous hospital. Upon admission to that hospital, laboratory tests indicated a C-reactive protein (CRP) level of 22.89 mg/dL and a white blood cell (WBC) count in the cloudy PD fluid of 7000 cell/µL (neutrophils 97%) (Fig. 1) . He was diagnosed with peritonitis and started on antibiotic treatment consisting of intravenous ceftriaxone. On Day 8, because his PD fluid WBC did not improve, the previous doctor changed his antibiotics to piperacillin and tazobactam. On Day 12, his PD fluid WBC decreased to 20 cell/µL. However, it increased up to 7200 cell/µL (neutrophils 99%) again on Day 17. There were no obvious abnormalities on computed tomography (CT) of the abdomen. After treatment with several types of antibiotics, his treatment was changed to meropenem, which resulted in a decrease in WBC in the effluent to 20 cell/µL on Day 61. Later, Klebsiella oxytoca was identified from PD fluid cultures. Over the course of treatment, the patient complained of diarrhea of a notably low viscosity, which was diagnosed as acute enteritis.
Upon admission to our hospital on Day 78, he had no fever, abdominal pain, or diarrhea, but his PD effluent was cloudy. No abnormalities were observed on physical examination. Laboratory tests showed that his CRP level was 8.41 mg/dL and that his WBC count in the PD fluid was 367 cell/µL (neutrophils 55.1%). The patient was diagnosed with PD-related peritonitis and treatment with intravenous vancomycin and meropenem was initiated. However, his PD fluid WBC count continued to be elevated at 1777 cell/µL (neutrophils 57.8%) and he developed fever, severe abdominal pain, and bloody peritoneal dialysate on Day 86. On the same day, fluid culture results submitted upon admission came back. Candida parapsilosis was identified, and we, therefore, emergently removed the PD catheter on Day 87 and, during the operation, found that it had penetrated the mesentery and intestine (Fig. 2, arrowheads) . We repaired the perforation, performed peritoneal lavage, and inserted a drainage tube into his abdominal cavity. Treatment with intravenous micafungin was begun. Four weeks after the operation, the patient had recovered and was discharged to continue with hemodialysis.
Discussion
This case highlights two important clinical points. First, clinicians must be mindful of intestine perforation when considering relapsing PD-related peritonitis with abdominal symptoms, particularly watery diarrhea. Second, although controversial, catheter removal should be considered along with antifungal administration after the diagnosis of fungal peritonitis.
Intestinal perforation by a PD catheter is a rare, but serious, complication that requires surgical treatment [3] . It is difficult to diagnose intestinal perforation given the presence of atypical symptoms in PD patients. Abdominal pain, which is usually seen in intestinal perforation, might be attenuated by PD fluid changes [3] . Diarrhea of a low viscosity and peritonitis have also been reported as additional symptoms of intestinal perforation [7] . Previous reports suggest that intestinal perforation can be preoperatively diagnosed by abdominal CT [7] ; however, the presence of free air and ascites, which can be seen in CT images, are useful for the diagnosis of intestinal perforation and can be seen normally in PD patients [3] . In this case, intestinal perforation was not preoperatively, but rather incidentally, diagnosed during the removal of the PD catheter in an effort to reduce the severity of the peritonitis symptoms. The patient first presented with a fever and abdominal pain on the day before surgery. Continuous lavage fluid might attenuate abdominal tenderness with peritoneal signs. The patient complained of severe watery diarrhea in the previous hospital. However, after admission to our hospital, the diarrhea did not re-appear as a symptom, which might have also delayed the diagnosis. Therefore, we should suspect intestinal perforation in PD patients if they complain of relapsing PD-related peritonitis with abdominal symptoms, particularly watery diarrhea.
In this case, Candida parapsilosis was detected in the culture of PD fluid. Candia parapsilosis has been recently documented as the most common pathogen of fungal peritonitis in PD [8] . Peritonitis due to Candia parapsilosis results in more complications and may have a poorer prognosis than does infection due to other Candida spp. [9, 10] . Earlier antibiotic therapy for peritonitis has been reported to be a risk factor for fungal peritonitis [11] . As seen in the present case, patients who develop antibiotic-resistant peritonitis caused by an infection with Klebsiella oxytoca after having been treated with various antibiotics may be associated with the occurrence of fungal peritonitis. The prognosis of patients experiencing intestinal perforation and fungal peritonitis is quite poor [12] . According to recommendations from the International Society of Peritoneal Dialysis (ISPD), catheters should be removed immediately after the diagnosis of fungal peritonitis in addition to initiating antifungal therapy [13] . In our case, we emergently removed the catheter within 24 h after diagnosis, which may have resulted in lower mortality [14] . However, it seems that the catheter should be removed earlier. When Klebsiella oxytoca is detected in the PD fluid, we should suspect and search the digestive tract for infection [15] and remove the catheter at that point so that the long-term administration of various antibiotics can be avoided.
In conclusion, we should take into consideration the possibility of intestinal perforation if PD patients present a relapsing PD-related peritonitis with severe watery diarrhea. Furthermore, to improve fungal peritonitis prognosis, we should initiate antifungal therapy and remove catheters as early as possible.
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